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§ Format	
  developed	
  to	
  handle	
  simultaneous	
  model-­‐to-­‐data	
  chi-­‐
squared	
  evaluations	
  for	
  PHENIX	
  and	
  STAR	
  spectra,	
  flow,	
  HBT

§ Documented	
  in	
  https://dx.doi.org/10.1103/PhysRevC.87.044901
§ Calculate	
  X2 from	
  data,	
  account	
  for	
  type	
  A	
  &	
  B	
  errors

CHIMERA	
  Framework

•A type:  uncorrelated  (si)
•B type:  correlated  frac.(sb)
•C type:  normalization  (sc)
•D  type: correlated  tilt  (not  considered)

pT (kT)Error  definitions  based  on  https://dx.doi.org/10.1103/PhysRevC.77.064907
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§ PhysRevLett.91.182301_fig3.txt	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  file	
  name	
  references	
  figure
— V2	
  200	
  AuAu -­‐211	
  -­‐321	
  10	
  PHENIX	
  10.1103/PhysRevLett.91.182301	
  Fig_6	
  

kFullTriangleUp SumPiKwithPiSysErr 1st line	
  specifies	
  measurement
— [20,40]	
  Np	
  140.4	
  (4.9,4.9)	
  Nc 296.8	
  (31.1,31.1)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2nd line	
  specifies	
  centrality
— 0.210	
  [0.00,0.25]	
  0.0225837	
  (0.2090470E-­‐02,0.2090470E-­‐02)	
  (15%,15%)
— 0.364	
  [0.25,0.50]	
  0.0453414	
  (0.1044580E-­‐02,0.1044580E-­‐02)	
  (8%,8%)
— 0.608	
  [0.50,0.75]	
  0.0766495	
  (0.1398750E-­‐02,0.1398750E-­‐02)	
  (6%,6%)
— 0.859	
  [0.75,1.00]	
  0.1077820	
  (0.1954680E-­‐02,0.1954680E-­‐02)	
  (5%,5%)
— 1.110	
  [1.00,1.25]	
  0.1324270	
  (0.2710530E-­‐02,0.2710530E-­‐02)	
  (5%,5%)
— 1.360	
  [1.25,1.50]	
  0.1520260	
  (0.3759720E-­‐02,0.3759720E-­‐02)	
  (5%,5%)
— 1.691	
  [1.50,2.00]	
  0.1742140	
  (0.4507390E-­‐02,0.4507390E-­‐02)	
  (5%,5%)
— 2.176	
  [2.00,2.50]	
  0.1883490	
  (0.8535240E-­‐02,0.8535240E-­‐02)	
  (8%,8%)
— 2.672	
  [2.50,3.00]	
  0.1932730	
  (0.1522460E-­‐01,0.1522460E-­‐01)	
  (11%,11%)
— 3.274	
  [3.00,4.00]	
  0.1668760	
  (0.2649510E-­‐01,0.2649510E-­‐01)	
  (11%,11%)

Chimera	
  Data	
  Format	
  ASCII	
  Example

pT [lo,hi],  v2  (stat-­lo,  stat-­hi)  [sys-­lo,  sys-­hi]  
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§ PhysRevLett.92.112301_fig1.txt
— Spectra 200	
  AuAu 211	
  0	
  11	
  STAR	
  10.1103/PhysRevLett.92.112301	
  fig_1a	
  

kOpenCircle not_FD_corr
— [10,20]	
  Np 234.6	
  (9.3,8.3)	
  Nc 591.3	
  (59.9,51.9)	
  
— 0.2259	
  [0.2009,0.2509]	
  242	
  (-­‐7.3,7.3)	
  (5%,5%)
— 0.2752	
  [0.2502,0.3002]	
  182.1	
  (-­‐3.7,3.7)	
  (5%,5%)
— 0.3249	
  [0.2999,0.3499]	
  142	
  (-­‐2.8,2.8)	
  (5%,5%)
— 0.3755	
  [0.3505,0.4005]	
  111.2	
  (-­‐1.1,1.1)	
  (5%,5%)
— 0.4253	
  [0.4003,0.4503]	
  87.09	
  (-­‐0.88,0.88)	
  (5%,5%)
— 0.4755	
  [0.4505,0.5005]	
  68.45	
  (-­‐0.7,0.7)	
  (5%,5%)
— 0.5253	
  [0.5003,0.5503]	
  53.85	
  (-­‐0.55,0.55)	
  (5%,5%)
— 0.5749	
  [0.5499,0.5999]	
  42.52	
  (-­‐0.73,0.73)	
  (5%,5%)
— 0.6252	
  [0.6002,0.6502]	
  33.41	
  (-­‐0.91,0.91)	
  (5%,5%)
— 0.6753	
  [0.6503,0.7003]	
  26.55	
  (-­‐0.72,0.72)	
  (5%,5%)
— 0.7253	
  [0.7003,0.7503]	
  21.28	
  (-­‐0.79,0.79)	
  (5%,5%)

Spectra	
  Example
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§ https://hepdata.net/

§ Has	
  many	
  attractive	
  features
— Searching	
  and	
  plotting
— Accommodates	
  multiple	
  (point-­‐to-­‐point?)	
  systematic	
  errors
— Links	
  to	
  papers	
  and	
  analysis	
  code
— Integrates	
  with	
  ROOT,	
  Python,	
  Mathematica,	
  …	
  

Durham	
  HEPData (now	
  hosted	
  by	
  CERN)
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HepData Figure	
  from	
  https://indico.cern.ch/event/512652/timetable

HEPData submission archive

YAML

Data Record

YAML

Data Record

ROOT PYTHON C++ ROOT

submission.yaml

data records

external data files & links

links the submission together by detailing the 
data files to be loaded, their name and descrip-
tion, and their assocated analysis files and code.

YAML (or JSON) representation of the underlying 
data files including value errors in a verbose format.

analysis files, code, links to code repositories, etc.
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§ Developed	
  for	
  low	
  energy	
  nuclear	
  reactor	
  design	
  and	
  nuclear	
  
stockpile	
  communities

§ GND	
  developed	
  at	
  LLNL	
  with	
  ASC/ARRA	
  funding,	
  web	
  site	
  
hosted	
  by	
  BNL	
  Nuclear	
  Data	
  Group
— https://ndclx4.bnl.gov/gf/project/gnd/

§ Documented in Nuclear Data	
  Sheets
— https://doi.org/10.1016/j.nds.2012.11.008 -­‐ initial development
— http://dx.doi.org/10.1016/j.nds.2014.12.007 -­‐ covariance matrices

§ Nuclear Data	
  Structure	
  can	
  be	
  implemented	
  in	
  XML,	
  HDF5,	
  …

§ Supports	
  both	
  raw	
  and	
  evaluated	
  data,	
  including	
  1-­‐3	
  
dimensional	
  function	
  containers

Generalized	
  Nuclear	
  Data	
  Structure
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GND	
  Diagrams	
  for	
  data	
  and	
  covariances
Covariances in the Generalized . . . NUCLEAR DATA SHEETS C.M. Mattoon

II. OVERVIEW OF GND

Part of the process of designing GND was to under-
stand the list of fundamental requirements that it must
meet in order to fulfill its purpose as a replacement for
ENDF-6. WPEC SG38 therefore spent some time collect-
ing a list of these requirements, and spelling them out in
a ‘requirements document’ [5]. Among the important re-
quirements outlined in that document are the following:

• Data shall be stored in a hierarchical structure.

• The hierarchy should reflect our understanding of
nuclear reactions and decays, clearly and uniquely
specifying all such data.

• Details that refer to the same data should be stored
as closely together as feasible.

• The hierarchy should use general-purpose data con-
tainers suitable for re-use across all application
space. These data containers should be easy to use
with commonly used computer languages and nu-
merical libraries.

• Data containers should be designed to be consistent
with object-oriented programming. This includes
nesting data containers when it makes sense instead
of defining a new sub-container.

• The hierarchy should eliminate redundancy where
possible.

• For backwards-compatibility, all valid ENDF data
in the currently supported ENDF-102 Version 6 for-
mat manual shall continue to be supported.

A. Top-level Hierarchy

The GND hierarchy was designed with these goals in
mind. Data are organized as seen in Fig. 1, where all data
relevant for each reaction (including the reaction cross
section and the list of outgoing products) are grouped
together, nested inside the reaction. Data relating to each
outgoing product are also grouped together, nested inside
that product. This structure helps minimize redundancy:
rather than repeating identifiers on each line to determine
the type of reaction and the type of data being described,
GND stores these identifiers only once, with relevant data
stored inside them.
The hierarchical design of GND fits naturally into

many computer storage technologies that have already
been designed to store and handle nested hierarchies. In
fact, by defining a structure rather than a particular im-
plementation, GND allows data to be serialized into any
format that supports a nested hierarchy. GND files can
therefore take several forms: they can be stored in binary
file formats such as HDF5 [6], in ascii files using meta-
languages like XML and JSON, or they can be spread out
among multiple files across a file system.
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$!&--("$%&',

.!&/)$+,

&)+.)+01#''"2,
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/*-+!*5)%&'-,

.!&/)$+,

666,

666,

+&.72"8"2,*'9&:,/&$)3"'+#%&';,-+42"-;,"+$6,

FIG. 1. A simplified overview of how data are organized in-
side the GND ‘reactionSuite’. The nested hierarchy includes
multiple ‘reaction’ elements, each of which contains a cross
section and a list of outgoing products along with multiplici-
ties, distributions and possible other data.

B. Linking Data

GND is designed to keep related data close together in
the hierarchy when possible. However, GND also needs
to be able to link together data relating to different re-
actions, products, etc. Covariances are one of the most
important uses for links (as discussed further in the next
section), since any two data points can potentially be
linked by a covariance, no matter where those two points
reside in the GND hierarchy. Other examples where links
are important include products whose distributions can
be computed as recoils from another product, and cross
sections that can be computed as sums or differences of
other reaction cross sections.
Links are stored in GND using a simplified version of

the xlink syntax [7]. Xlink is a standardized way of stor-
ing links that was originally designed for use in XML, but
that can also be used along with other hierarchical meta-
languages. It supports storing several different types of
links, including both absolute and relative links to other
locations inside a single file, links to external files, and
links to specific locations within those external files.
The use of links means that even if data in GND are di-

vided up into multiple sub-files, the connections between
those data can be preserved. This has had an impact on

37
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how covariance data are stored inside GND: rather than
being collected together with central values in the ‘re-
actionSuite’ element seen in Fig. 1, covariance data can
instead be grouped together in an external file called the
‘covarianceSuite’, along with links associating them to
the appropriate central values.

III. COVARIANCES

Recent releases of ENDF-formatted libraries such as
ENDF-VII.1 [8] have begun to include more covariance
information. These include simple covariances between
the evaluated cross section for a single reaction at two
different incident energies, more complex covariances be-
tween different reactions or between reactions on different
targets, and derived covariances that can be computed
from other covariance matrices via sum rules. Each of
these covariance matrix ‘sections’ can be considered to
be rectangular blocks that make up a much larger covari-
ance matrix. This full covariance matrix is illustrated in
Fig. 2, where cross sections for several different reactions
involving at least two different targets are covaried.

The full covariance matrix in Fig. 2 is symmetric about
the central diagonal, so in order to reduce redundancy

!!""#$#%&$% "#$#%&%'#%
&$()&*"%

!!"+$,,$$%&$()&*"%'#%
"#$#%&%

"#$#%&%'#%-##./!%
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-##./!%'#%
"#$#%&%

-##./!%'#%
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0&'()%
!!"+$,,$$%'#%
1*+,%!!"-$%%

!%.%1*+,%

2$&3%4#/&5%.#%/!"%
/#"&%/!0%

666

FIG. 2. (Color online) Covariances can be broken up into
rectangular sections, each of which contains the covariance
between one or two different quantities. These rectangular
sections are the primary organization for the GND covari-
anceSuite.
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FIG. 3. Inside the covarianceSuite, each rectangular block
of the full covariance matrix is stored in a separate section.
Sections are identified by their ‘rowData’ and ‘columnData’
(which contain links to the cross sections or other data that
are being covaried in this section). The section also contains
one or more covariance matrices, that may be stored in various
forms.

only half the matrix (either the upper-diagonal or lower-
diagonal portion) should be stored. The matrix can be
broken up into two different types of sections: those lying
along the main diagonal that contain covariances for a
single reaction at different energies, and those lying away
from the main diagonal that store cross-reaction terms.

This overall covariance matrix may also be broken
up into more than one covarianceSuite. It will likely
be useful to store all covariances for a single tar-
get/projectile combination together in one covariance-
Suite. Cross-material terms (such as the covariance be-
tween Au197(n,γ) and U235(n,f) in Fig. 2) are special
cases, that may be collected together in another external
covarianceSuite.

Some sections within the covarianceSuite contain de-
rived data that depend on other sections. For example,
if the total reaction cross section at low incident energy
is computed as the sum of the elastic scattering and cap-
ture cross sections, its covariance matrix can also be de-
rived by combining the elastic and capture matrices using

38
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GND	
  Covariance	
  Matrix	
  Block	
  Diagram

Covariances in the Generalized . . . NUCLEAR DATA SHEETS C.M. Mattoon

how covariance data are stored inside GND: rather than
being collected together with central values in the ‘re-
actionSuite’ element seen in Fig. 1, covariance data can
instead be grouped together in an external file called the
‘covarianceSuite’, along with links associating them to
the appropriate central values.

III. COVARIANCES

Recent releases of ENDF-formatted libraries such as
ENDF-VII.1 [8] have begun to include more covariance
information. These include simple covariances between
the evaluated cross section for a single reaction at two
different incident energies, more complex covariances be-
tween different reactions or between reactions on different
targets, and derived covariances that can be computed
from other covariance matrices via sum rules. Each of
these covariance matrix ‘sections’ can be considered to
be rectangular blocks that make up a much larger covari-
ance matrix. This full covariance matrix is illustrated in
Fig. 2, where cross sections for several different reactions
involving at least two different targets are covaried.
The full covariance matrix in Fig. 2 is symmetric about

the central diagonal, so in order to reduce redundancy
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FIG. 2. (Color online) Covariances can be broken up into
rectangular sections, each of which contains the covariance
between one or two different quantities. These rectangular
sections are the primary organization for the GND covari-
anceSuite.
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FIG. 3. Inside the covarianceSuite, each rectangular block
of the full covariance matrix is stored in a separate section.
Sections are identified by their ‘rowData’ and ‘columnData’
(which contain links to the cross sections or other data that
are being covaried in this section). The section also contains
one or more covariance matrices, that may be stored in various
forms.

only half the matrix (either the upper-diagonal or lower-
diagonal portion) should be stored. The matrix can be
broken up into two different types of sections: those lying
along the main diagonal that contain covariances for a
single reaction at different energies, and those lying away
from the main diagonal that store cross-reaction terms.
This overall covariance matrix may also be broken

up into more than one covarianceSuite. It will likely
be useful to store all covariances for a single tar-
get/projectile combination together in one covariance-
Suite. Cross-material terms (such as the covariance be-
tween Au197(n,γ) and U235(n,f) in Fig. 2) are special
cases, that may be collected together in another external
covarianceSuite.
Some sections within the covarianceSuite contain de-

rived data that depend on other sections. For example,
if the total reaction cross section at low incident energy
is computed as the sum of the elastic scattering and cap-
ture cross sections, its covariance matrix can also be de-
rived by combining the elastic and capture matrices using
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§ The	
  actual	
  covariance	
  matrix	
  data	
  can	
  be	
  stored	
  inside	
  the	
  section	
  in	
  several	
  different	
  
forms,	
  including:	
  

§ A	
  single	
  matrix,	
  including	
  a	
  list	
  of	
  energies	
  defining	
  the	
  group	
  boundaries	
  along	
  each	
  axis	
  
as	
  well	
  as	
  the	
  list	
  of	
  matrix	
  elements.	
  The	
  matrix	
  includes	
  a	
  flag	
  telling	
  whether	
  its	
  
elements	
  correspond	
  to	
  absolute	
  covariances,	
  relative	
  covariances or	
  correlation	
  coef-­‐
ficients (an	
  example	
  of	
  this	
  kind	
  of	
  section	
  is	
  shown	
  in	
  Fig.	
  4),	
  

§ a	
  matrix	
  where	
  the	
  axes	
  correspond	
  to	
  model	
  parameters	
  rather	
  than	
  a	
  range	
  of	
  incident	
  
energies	
  (currently	
  used	
  mainly	
  to	
  store	
  resonance	
  parameter	
  covariances),	
  

§ special	
  storage	
  schemes	
  that	
  use	
  less	
  space	
  to	
  store	
  symmetric,	
  diagonal	
  or	
  sparse	
  
covariance	
  matrices,	
  

§ a	
  ‘mixed’	
  covariance,	
  stored	
  as	
  two	
  or	
  more	
  covariance	
  matrices	
  (representing	
  for	
  example	
  
statistical	
  and	
  systematic	
  uncertainty	
  contributions,	
  or	
  covariances in	
  two	
  disjoint	
  energy	
  
regions)	
  that	
  must	
  be	
  summed	
  together	
  to	
  produce	
  the	
  full	
  matrix,	
  or	
  

§ a	
  weighted	
  sum	
  of	
  covariance	
  matrices	
  from	
  other	
  sections	
  (like	
  the	
  NC-­‐type	
  section	
  
described	
  in	
  chapter	
  33	
  of	
  Ref.	
  [1].)

GND	
  Covariance	
  Matrix	
  Description
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GND	
  Covariance	
  Matrix	
  XML	
  Example
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§ Interface	
  to	
  community	
  standard	
  (HEPdata)

§ Allow	
  for	
  correlated	
  errors	
  (matrices)

§ Comparison	
  to	
  multiple	
  measurements	
  with	
  different	
  
systematic	
  errors	
  (can	
  be	
  same	
  exp.)	
  via	
  one	
  of	
  two	
  paths:
1. Simultaneous	
  comparison	
  to	
  all	
  results
2. Single	
  comparison	
  to	
  evaluated	
  results	
  – requires	
  extra	
  step

§ Accommodate	
  results	
  from	
  experiments,	
  models,	
  and	
  
evaluations

§ Open	
  Questions	
  (i.e.	
  tasks)
— Does	
  HEPdata have	
  all	
  data	
  and	
  information	
  we	
  need	
  for	
  JetScape ?
— Would	
  GND	
  provide	
  a	
  helpful	
  starting	
  point	
  ?

JetScape Data	
  Structure	
  – desired	
  features


